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In considering what to ask Lewis
Wolpert’s good fairy godmother of
science [1], I am reminded of John
von Neumann, a pioneer of computer
science. In 1946 he wrote to Norbert
Wiener, the father of cybernetics,
bemoaning the fact that Turing, Pitts
and McCulloch had shown that
anything the brain can do can be
mimicked by a universal neural
mechanism —  a Turing machine [2].
Inverting the argument, he noted that
the only way to learn more about how
the brain actually works is to look at
cells directly. “After these devastat-
ingly general and positive results one
is therefore thrown back on
microwork and cytology . . . [but] the
complexity of the subject is overawing.
. . . If we go to lower organisms from
man with 1010 neurons to ants with
106 neurons — we lose nearly as much
as we gain. . . . I feel that we have to
turn to [even] simpler systems.” 
von Neumann went on to argue
for a ‘true’ understanding of
bacteriophage, believing that these
were self-reproductive organisms able
to move towards food. He put a
stringent interpretation on ‘true’:
“That is, understanding the organism
in the exacting sense in which one
may want to understand a detailed
drawing of a machine — i.e. finding
out where every individual nut and
bolt is located, etc.” Bacteriophage
proved too simple, depending for
most things on the capacities of their
hosts. To my knowledge, the only
sensory modality that they enjoy in
isolation is the retraction of tail fibers,
for example when exposed to media
of low ionic strength or temperature
[3]. Bacteria, in particular Escherichia
coli and Salmonella typhimurium, are
therefore von Neumann’s organisms
of choice [4–7]: “They are self
reproductive and they are able to
orient themselves in an unorganized
milieu, to move towards food, to
appropriate it and use it” [2].
E. coli cells swim by rotating thin
helical filaments — flagella — that
extend into the external medium,
each driven at its base by a motor that
turns alternately clockwise and
counterclockwise. By measuring the
concentrations of certain chemicals as
they move through their environment,
making temporal comparisons, and
modulating the direction of flagellar
rotation, cells accumulate in regions
that they find more favourable. When
the flagellar motors turn counter-
clockwise, cells swim steadily forward;
when they turn clockwise, cells move
erratically in place; when they turn
counterclockwise once again, cells
swim off in new directions, chosen
approximately at random (Fig. 1). 
Ordinarily, E. coli is an optimist: if
a cell finds itself moving up a
gradient of a chemical attractant, it
spins its motors counterclockwise
longer than it otherwise would; if it
finds itself swimming down such a
gradient, it reverts to its baseline
behavior. In other words, if life is
getting better, enjoy it more; if it is
getting worse, don’t worry about it!
Flagellar reversal is an all-or-none,
random event: sensory stimuli simply
modulate counterclockwise-to-
clockwise and clockwise-to-counter-
clockwise switching probabilities. 
Nearly all of the nuts and bolts of
this system have been located and
are being closely examined [7]. We
know how receptors bind ligand,
transmit sensory information across
the cytoplasmic membrane, temper
the information by adaptation and
then relay it to the flagella. We do not
understand yet why the system has so
much gain; nor do we know very
much about how the flagellar rotary
motor works — it is driven by a proton
flux, not ATP — or how it shifts
between forward and reverse. So these
are good short-term questions for the
good fairy godmother of science. 
But I would like to ask something
more profound (and of greater interest
to the ghosts of von Neumann and
Wiener). In E. coli, sensory signals
modulate the probabilities of all-or-
none events. These events occur
spontaneously in the absence of this
modulation. Is a similar strategy
fundamental to the operation of our
brains? Does the sort of irritability that
enables E.coli to change directions
enable us to change our minds? Is
there a secret here, learned early in
evolution, that helps us think? And I
would like to ask the reader whether
there is a ‘missing link’ that might help
us answer this question. Is the choice
between studying bacteria or alert
monkeys, or is there something really
worth studying in between? Is there a
2- or 3- (not 302-) neuron system with
action potentials and synapses that
merits ‘true’ understanding?
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Figure 1
A track of a wild-type E. coli cell swimming
steadily forward (yellow) or moving erratically
in place (red). There are twelve data points per
second. (Picture courtesy of Paul D. Frymier.) 
